"GUCHI" (Geometric Unravel for Crack Height Image) technique is one of the stereo-radiography methods for flaw sizing in radiographic testing. The AN (Application of Nondestructive Testing techniques for industrial fields) committee in the JWES (The Japan Welding Engineering Society) carried out the experiment on this technique. The results were reported at FENDT 2002 and APCNDT 2003 and 2006 with data on the steel plates and pipes including fatigue cracks and EDM slits. The flaw sizing by RT-GUCHI was performed in a round robin test on 6 inches stainless steel pipe which had circumferential semi-elliptical fatigue cracks with 0.2t, 0.4t and 0.6t height at the OD surface and on plate including a fatigue crack. A trial for flaw sizing of SCC was also performed.
Introduction
When the flaw is detected during the in-service inspection of components, sizing should be performed to evaluate the flaw. ASME code Sec. XI, IWA-3000 provides requirements for flaw characterization and evaluation. The Nondestructive Testing (NDT) is expected not only for detecting but also sizing for evaluation of the flaw.
Ultrasonic Testing (UT) is suitable technique for flaw sizing. Many applications of flaw sizing have been reported regarding UT-TOFD, Phased array systems, and the Crack-tip technique. However, sometimes, the component configurations may give difficulty to the scanning of search unit by UT. The inherently coarse-grained metallurgical structures may preclude meaningful examinations at austenitic and dissimilar metal welds. It is supposed that UT is not always the best way for flaw sizing in practical fields. Flaw sizing technique by RT may be effective as the substitution of the sizing technique by UT.
The AN committee carried out on the experiment on the GUCHI technique which is one of the stereo-radiography methods for flaw sizing.
Fundamentals of GUCHI Technique
The fundamentals of this technique based on the geometrical calculation by two radiographic images which are taken by different angles. Baseline markers such as a small diameter copper wire are placed on the surface of tested area and X-ray or £-ray is exposed from two different positions. The sources positions are parallel to the film or imaging device. The width and length of the crack image that appears on each of the radiographs and the distances from baseline image to the tips and/or the maximum density point of crack image are measured by means of magnification. A digitizing system is used to characterize a flaw and to obtain its dimensions. The size of the crack is estimated by several theoretical calculations utilizing the dimensional data obtained from the geometrical arrangement of radiographs and measured from flaw positions on each of the radiographs.
This technique can be made with two types of formations. In this technique, the X-axis is defined as the direction parallel to the crack, Y-axis is the direction transverse to the crack, and Z-axis is the direction normal to the surface of the film or imaging device. "Parallel motion with X-axis" means the sources are positioned parallel to the X-axis and "Parallel motion with Y-axis" means the sources are positioned parallel to the Y-axis. The exposures per one motion from a different source position must be taken at least twice so that the image of crack and the baseline marker represent simultaneously for each of the radiograph. Figure 1 shows the arrangement and the equation at the "Parallel motion with X-axis" formation.
When trying to flaw sizing by "Parallel motion with X-axis", the length between baseline and maximum density point at the flaw image on each of the radiographs have to be measured. If the input the data T, G, m, k and X2, X4 in Fig. 1 , the flaw height will be calculated as "a". It depends on how to measure precisely the flaw images.
The flaw image can be measured precisely due to film digitizing system. The tip points of the magnified flaw image and the points of both side of high density region of the flaw Figure 3 shows the flaw image of fatigue crack which displayed on the monitor. The flaw length and distance between baseline and the edge of high density region can be also measured. Therefore the points which are needed in GUCHI calculation as input data are obtained easily.
"Parallel motion with Y-axis" will be made as same way with X-axis and will be considered to be suitable for sizing of wide-gap flaws. In case of the flaw which is detected at curved section such as circumferential welded seams of piping or pressure vessels, it seems that the GUCHI technique will also be applicable with the polar coordinates analytic geometry.
Flaw Sizing Accuracy of GUCHI
Several experiments which applied GUCHI technique on steel plates and pipes have performed. A round robin test was carried out on 6 inches and 10 inches stainless steel pipes including circumferential semielliptical EDM slits with 0.2t, 0.4t and 0.6t depth at inside of the pipe. Figure 4 shows the configuration and size of test pipes. The test pipes of No. 1 and No. 2 are 6 inches and 10 inches in diameter respectively. At inside of each pipe, artificial flaws of "A", "B" and "C" are produced by the EDM.
As conventional X-ray or £-ray equipment the radiation source and 3 types of X-ray films (IX50, IX80, and IX100) were used and a type of imaging plate (ST-VI) was used as imaging devices. X-axis formation and Y-axis formation with double-wall technique, X-axis formation and Y-axis formation with single-wall technique, and several source to object distance, offset of source position were provided for the geometrical arrangement of taking radiograph. All radiographic films were digitized using a Film Digitizer. Figure 5 shows the summary of sizing results for length and depth of the EDM slits. 100 sets of input data was obtained through the round robin test. The value of horizontal axis of left diagram indicates the actual length of EDM slits, right diagram shows actual depth. And, the vertical axis indicates the length and depth measured by GUCHI. A good coincidence at actual value and measured value by GUCHI has been obtained. The digital deviations are summarized on the table. The root mean square (RMS) error of the flaw length measurement was 0.98 mm and the flaw depth measurement was 1.28 mm. The accuracy of sizing by RT-GUCHI technique shown to satisfy the requirements for Flaw Sizing on Ultrasonic Testing in ASME Code Sec XI App. VIII.
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Round Robin Test for Fatigue Cracks
The AN Committee prepared a 10 mm thickness test plate and a 6 inches stainless steel test pipe which include Fatigue Cracks. A round robin test which applied GUCHI technique on those test plate and pipe was carried out. And, five different company teams of the AN Committee members participated in the round robin test. Figure 6 shows the 10 mm thickness stainless steel plate specimen and Fig. 7 shows the 6 inches OD stainless steel pipe specimen. Those specimens included semi-elliptical fatigue clacks.
The outline of the test procedure is as followers; The geometrical arrangement of the stereo radiography is shown in Figs. 8 and 9 . X and Y direction base line markers were put on the source side surface of fatigue cracks. Several case of the stereo radiography condition were tried in the round robin test that different type of conventional X-ray equipment and film types including imaging plate (IP) were used and source position X0, Y0 and several X2 dimensions, several source to film distance were given.
The test parameters for the radiography of test specimen were that 4 types of X-ray equipment, 3 types of film, 600 to 825 mm for J, ¹25, ¹30, ¹50, ¹100, ¹150, ¹200 mm for X2, 25, 30, 50, 100, 150, 200 mm for X4. Table 1 shows the summary of the RT-GUCHI round robin test results. The crack with 0.2t height in the 12 cases of test parameter could not find out by RT. But GUCHI was applied to crack in 9 cases with 0.4t height for the pipe and obtained the crack images. The deviation of estimated crack length and height for the plate was 1.6 mm in average length of 17.4 mm and 0.7 mm in average height of 4.4 mm respectively. In the case of pipe, the deviation of crack-height with 0.6t was 0.7 mm in average length of 25.2 mm, and 1.16 mm in average height of 6.1 mm.
One company team carried out an additional experiment of flaw sizing by UT-TOFD technique for the round robin test specimen to compare with the sizing results. Figure 10 shows the TOFD data for the plate and pipe specimen. For the plate specimen, the flaw height "a" estimated by TOFD was 4.5 mm and "a" estimated by RT-GUCHI was 4.4 mm. For the pipe specimen, ID No. "A" (fatigue crack height is 0.2t) was impossible to evaluate the flaw height by TOFD. In the same way, that was impossible to sizing by GUCHI. At the ID No. "B" and "C", that crack height is 0.4t or 0.6t, could be evaluated by TOFD and the result was as shown in the table in the Fig. 10 . It indicates that the sizing result by RT-GUCHI was good correspondence to the UT-TOFD.
Furthermore, another one company team carried out the experiment on SCC by RT-GUCHI and UT-Phased Array technique. Figure 11 shows the test pipe which includes SCC at inside of the pipe. The outside diameter of the pipe was 6 inches and the wall thickness was 11 mm. The SCC could not be observed visually as shown in inside view of the photograph. Figure 12 shows the geometrical arrangement of the radiography. The source position of Y was selected to get a longest flaw image. Figure 13 shows the sketch on the radiographic image obtained at the source position X0 and X2. Figure 14 shows the test results. The output data by RT-GUCHI is shown at top side and the output of the Phased Array UT system is shown at bottom side. The estimated crack height "a" by GUCHI is 5.1 and 5.3 mm by Phased Array. From those results, it is considered that the sizing capability of GUCHI technique is comparable to that of UT under the condition of this experiment.
Conclusion
The AN committee in the JWES carried out the experiment on application of RT-GUCHI technique which is one of the stereo-radiography methods for flaw sizing. The accuracy of sizing by RT-GUCHI technique satisfied the requirements of flaw sizing in the ASME Code Sec XI App. VIII. The technique was applied and confirmed by the round robin test for sizing of natural like fatigue cracks in the plate and the pipe. And, it has been also applied for sizing the SCC. Both of the UT-TOFD for the fatigue cracks and the UT-Phased Array for SCC have been performed to compare with the results of flaw sizing by the RT-GUCHI. It was confirmed that RT-GUCHI technique is applicable for flaw sizing for over 0.45t-height fatigue cracks or SCC in steel components as same as sizing by UT in practical fields. 
